Aims To investigate the 'real world' effectiveness of robust statin therapy, focusing on the effect of dose and early treatment discontinuation on the risk of hospitalization for acute myocardial infarction (AMI).
Introduction
The reduction of serum cholesterol levels is associated with a considerably lower risk of coronary heart disease (CHD), both among high-risk patients and individuals without cardiovascular risk factors. [1] [2] [3] [4] The benefits of reducing cholesterol levels are obtained early, the major part after 2 years of therapy and the full benefit only after 5 years. 5 In the range of cholesterol levels that are encountered in western countries, there exists no threshold value below which no further benefit regarding CHD risk reduction might be expected. 5, 6 These findings support a robust reduction of cholesterol, which has become feasible during recent years by the introduction of rosuvastatin, the nonstatin lipid-lowering drug ezetimibe, as well as prescribing higher doses of statins.
In daily practice, however, statins appear to be less effective in reducing cholesterol levels when compared with the results of clinical trials. This may be due to lower patient compliance, high baseline cholesterol levels, prescription of sub-optimal doses as well as factors driven by reimbursement. 7, 8 The number needed to treat is therefore unnecessarily high and subsequently the cost-effectiveness unnecessarily low. The relationship between the dose and the duration of statin use and the magnitude of prevention of CHD has been described in both randomized clinical trials and observational studies. [9] [10] [11] [12] [13] In these studies, it has been consistently demonstrated that without proper dosing and lipid control, prevention of cardiovascular outcomes will be sub-optimal. Furthermore, in the WOSCOPS trial, it was demonstrated that CHD risk reductions were largest among compliant patients. 14 In the present study, we investigated the 'real world' effectiveness of robust statin therapy for primary and secondary prevention. The study focused on the effect of dose, and early treatment discontinuation, on the hospitalization rates for acute myocardial infarction (AMI).
Methods Setting
Data were obtained from the PHARMO Record Linkage System, which includes several databases, among which linked drug dispensing records and hospital records from more than two million individuals in defined areas in the Netherlands. The drug dispensing histories contain data on the dispensed drug, the type of prescriber, the dispensing date, the amount dispensed, the prescribed dose & The European Society of Cardiology 2006. All rights reserved. For Permissions, please e-mail: journals.permissions@oxfordjournals.org regimens, and the legend duration of use (prescription length). All drugs are coded according to the Anatomical Therapeutic Chemical Classification. The hospital records include detailed information concerning the primary and secondary diagnoses, procedures, and dates of hospital admission and discharge. All diagnoses are coded according to the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM).
Patient selection
An historical follow-up study was performed including new users of statins (rosuvastatin, atorvastatin, simvastatin, pravasatin, cerivastatin, and fluvastatin), aged 18 and older from 1 January 1991 until 31 December 2004. The source population included all new users of lipid-lowering drugs in the period 1991-2004. A patient was defined as a new user of a lipid-lowering drug, if none of these drugs had been dispensed for at least 1 year before the first recorded dispensing in the PHARMO database (i.e. the index date). All patients fulfilling the following criteria were included in the study cohort: a statin prescription at the index date, a registration in the PHARMO database of at least 1 year before and 2 years after the index date, no missing data on the dose and type of all statin prescriptions during the 2 years after the index date. Starting from the fact that lipid-lowering drugs should be used for at least 2 years to benefit from treatment, 5 exposure to statins was determined over the first two treatment years. To determine the risk of hospitalization for AMI, patients were followed from this 2-year time point until the first outcome of interest, death, or end of the study period (31 December 2004), whichever was first. Patients were classified into two groups according to their risk of cardiovascular disease at the start of outcome follow-up (i.e. the 2-year time point). The high-risk group included patients with a hospitalization in the preceding year due to ischaemic heart disease (ICD-9-CM: 
Exposure
Exposure to statins was determined over the first 2 years of treatment, both regarding persistence and dose. For all prescriptions during this period, the type and dose of statin were combined into a single equipotency score to control for the fact that different types and doses of statins differ with respect to the percentage reduction in total cholesterol (Appendix 1). An increase of the equipotency score of 1 indicated a doubling of the effective dose. The first generation statins pravastatin, fluvastatin, and simvastatin have a maximum equipotency of 6, 5, and 6, respectively. The second generation statins atorvastatin and rosuvastatin have a maximum equipotency of 7. Treatment episodes of continuous use of a certain equipotency were constructed based on the method of Catalan. 15 A treatment episode was measured as the time span between the starting date of the first dispensing until the expiry date of the final dispensing. The latter included the permissible gap following the final dispensing within the specific episode. In case of interruptions between two prescriptions, the episode was considered uninterrupted if the duration of this gap was less than half the period of the given dispensing or 7 days, whichever was greater. In case a different equipotent dosage was started before the end of the former treatment episode, this former episode was ended at the starting date of the next episode. Cessation of statin use, either temporary or permanent, was defined by an episode with an equipotent dosage of zero.
Persistence of statin use was defined as the number of days of continuous use of any statin. Patients were categorized into 2-year persistent statin users, 18-months persistent statin users, and non-persistent statin users (i.e. ,18 months of continuous statin use). In 2-year persistent statin users, the weighed average equipotent dosage during the first 2 years of treatment was determined and categorized into 'low' (3), 'intermediate', 4 and 'high' (5).
Outcome
The outcome of interest was defined as a hospital admission for AMI (ICD-9-CM: 410), diagnosed by the combination of medical history, ECG findings, and blood tests for cardiac enzymes.
Statistical analysis
The effect of persistence of statin use and average equipotent dose during the first 2 years of treatment on risk of hospitalization for AMI thereafter was estimated in a Cox regression model, stratified by cardiovascular risk category at the start of the outcome follow-up (SAS V8.2, PROC PHREG). Assuming that a high dosage of statins only exerts its effect in case of persistent drug use, the analysis on the effect of dosage was restricted to patients who had continuously used statins during the first 2 years of treatment. Adjustments were made for age, gender, and use of antihypertensives, nitrates, antiarrhythmics, digoxin, platelet inhibitors, and anticoagulants in the year preceding the start of the outcome follow-up. The proportional hazards assumption was checked by extending the multivariate model with a time-dependent exposure covariate (e.g. persistence * log time). Statistical significance was defined as a two-sided P-value , 0.05.
Results
The source population included 160 147 new users of lipid-lowering drugs in the period 1991-2004. Of these patients, 59 094 met the inclusion criteria of this study and represent all new statin users, 18 years of age and older, with sufficient duration of follow-up and dose information. These patients filled 548 084 statin prescriptions during the first 2 years of treatment. Most of the patients started treatment with simvastatin (27 791, 47%), followed by pravastatin (13 656, 23%), atorvastatin (12 769, 22%), fluvastatin (3894, 6%), and cerivastatin (984, 2% Table 3 . In the primary prevention group, the incidence rate of hospital admission for AMI decreased from 0.52 per 100 patient-years among non-persistent statin users to 0.42 per 100 patient-years among 2-year persistent patients (adjusted RR 0.70; 95% CI 0.60-0.81). A 30% reduction in the risk of AMI with 2-year persistent statin use was also observed in the secondary prevention group. The protective effect of statin use was larger at a higher equipotent dose. In the primary prevention group, the reduction in risk of AMI increased from 20% with an average equipotent dose 3 to 40% with an average equipotent dose 4. A 40% reduction in the risk of AMI with an intermediate or high dose was also observed in the secondary prevention group. A low dose did not, however, significantly reduce AMI risk.
Extrapolating these findings to the Netherlands, we roughly estimate that by persistent, high-dose treatment, 300-400 AMIs can be prevented among statin users each year. This includes 250-300 events among previously non-persistent patients, 10-20 events among previously 18-month persistent patients, and 50-70 events among previously persistent patients treated with a low dose.
In Appendix 2, the type, dose, and equipotency of the statin prescribed last, before the start of outcome follow-up in 2-year persistent users is given, stratified by the average equipotent dose during the first 2 years of treatment. Of the 6654 patients on a low equipotent dose, 6582 patients (99%) were prescribed a first generation statin last, compared with 13 245 out of 20 883 patients (63%) on a high equipotent dose. The latter group of patients was prescribed higher doses of the first generation statins, e.g. simvastatin 20 mg compared with 10 mg in patients on a low equipotent dose.
Discussion
The results of this study show that in daily practice, statins, on average, are sub-optimally dosed and used over too short a time interval to have maximum benefit regarding preventing AMI. Our findings corroborate findings from clinical trials insofar that the longer patients are treated and the higher the dose, the more successful the prevention of AMIs. [10] [11] [12] [13] We estimate that by persistent, high-dose treatment, 300-400 AMIs can be prevented each year among statin users in the Netherlands.
The persistence of statin use in our study was lower than in trials. This has also been observed in other statin studies and for other lipid-lowering drugs. [16] [17] [18] [19] [20] The lower persistence of statin use in daily practice has significant clinical and economic implications; the population effectiveness of statin treatment based on trials is too optimistic given the poor persistence in daily practice. In primary prevention, the number of patients needed to be treated (NNT) with a statin for 5 years to prevent one case of fatal or non-fatal myocardial infarction increases from 57 21 to 83, if persistence in daily practice is taken into account. Similarly, in secondary prevention, the NNT increases from 20 22 to 30. The actual increase in NNT will be even larger as the estimates are based on 2-year persistence rates instead of 5-year persistence rates.
There are a number of limitations to this study. First, information was missing on some of the other risk factors for AMI. The 30% reduction in AMI risk with 2-year persistent statin use, compared with non-persistent statin use is likely to be overestimated. Part of the risk reduction in persistent patients will be attributable to the management of other risk factors; persistent patients, for example, will be more prone to quit smoking or lose weight. On the other hand, the difference in risk reduction attributable to dose of statins might be larger than observed assuming that highlydosed patients will have, for example, higher cholesterol levels and consequently a higher risk of AMI. Secondly, the effect of persistence and dose of statin use on risk of AMI was adjusted for use of anti-hypertensives, nitrates, antiarrhythmics, digoxin, platelet inhibitors, and anticoagulants at baseline, i.e. in the year before start of outcome follow-up. Such approach is common to cohort studies. However, patients who had stopped statin therapy at the start of outcome follow-up also may have discontinued the use of these other drugs. Indeed, a post hoc analysis showed that 16% (for platelet inhibitors) to 45% (for nitrates) of non-persistent statin users using comedications at baseline did not use these drugs anymore in the 6-month period after start of outcome follow-up. In persistent statin users, these percentages ranged from 7-41%. However, 6983 patients (12%) had less than 6 months of outcome follow-up. Adjusting the RRs in Table 3 for comedication use after instead of before the start of outcome follow-up did not change the results. Thirdly, patients with an AMI who die before hospitalization were not included, as information on mortality was not available. In the Netherlands, this concerns about 20% of all patients with an AMI. The association between statin use and AMI, however, is likely to be similar in these patients. Fourthly, the lack of biological results. It is not known whether the patients with the largest risk reduction, i.e. 2-year persistent statin users with an intermediate or high equipotent dose, also had the largest LDL cholesterol reduction. From 5580 new statin users, 18 years of age and older, with at least 6 months of follow-up, LDL cholesterol data were available. Unpublished results from these patients show that the higher the equipotent dose at the start of treatment, the higher the percentage of patients attaining goal during the first 6 months of therapy. In low-risk patients, goal attainment was increased five times with an equipotent dose 5 compared with an equipotent dose 3 (OR 4.9; 95% CI 3.8-6.3). In high-risk patients, the positive effect of an equipotent dose 5 on LDL goal attainment increased from four times at a low baseline LDL cholesterol (OR 3.7; 95% CI 1.0-13.4) to 12 times at a high baseline LDL cholesterol (OR 12.3;95% CI 7.9-19.4). A major problem we anticipated was the interaction between the dose and type of statin. We therefore used the equipotency score. As shown in Appendix 1, the first generation statins, pravastatin, fluvastatin, and simvastatin, are dosed at a lower equipotency than atorvastatin and rosuvastatin. The largest reduction in hospitalization rates for AMI was observed among 2-year persistent patients treated with an equipotent dose 4. In line with the 'dose' assumption, these patients were treated relatively more often with atorvastatin and rosuvastatin. Furthermore, these patients were prescribed higher doses of the first generation statins. Increasing the dose of older statins is, however, limited by the maximum safe dose. Besides, persistence of statin use is expected to be lower, and consequently the investment loss will be higher, with an increased frequency of drug use. A high equipotent statin dose should therefore be realized preferably by using new, highly potent statins. However, because of the considerable economic impact of these new statins on pharmaceutical budgets, the opposite trend is being encouraged in the Netherlands and in Germany. In these countries, reimbursement measures promote the use of relatively inexpensive generic older statins. Such measures may be embraced if, together with the promotion of older statins, guidelines for higher dosing of these statins are also implemented, taking into account the aforementioned limitations. We observed in this study that restricting the use of statins to generic, inexpensive, standard low doses will make the problems worse.
In conclusion, the results of this observational study support robust cholesterol lowering, as recommended on the basis of trials. The reduction in risk of AMI was highest in 2-year persistent statin users with an intermediate or high equipotent dose, both in primary and secondary prevention. To improve the population effectiveness of statin treatment, persistent drug use and the use of new, potent statins should be encouraged. Today in the Netherlands, about 300-400 statin users each year experience an unnecessary AMI because of sub-optimal dosing and early discontinuation of statins.
